Purpose: To present data on clinical response to eplerenone over a 1-year period in patients with central serous chorioretinopathy (CSC), and to evaluate optical coherence tomography (OCT) variables as predictors of treatment response at 3-and 12-month follow-up visits. Methods: Patients with acute or chronic CSC treated with eplerenone were retrospectively included. Clinical and imaging characteristics were recorded at baseline and at the 3-month and 12-month follow-up visits. Changes from baseline in quantitative measurements were calculated at each follow-up. Logistic regression analysis was computed to correlate clinical and OCT parameters at baseline with response to treatment at 3 and 12 months of follow-up. Results: A total of 50 eyes of 50 patients were included in the study. Mean ± SD best corrected visual acuity (BCVA) was 0.20 ± 0.14 Logarithm of the Minimum Angle of Resolution (LogMAR) at baseline and significantly improved at both the 3-month (0.12 ± 0.13 LogMAR, p < 0.0001) and 12-month (0.10 ± 0.12 LogMAR, p < 0.0001) follow-up visits. At the 3-month follow-up visit, 25 out of 50 eyes (50.0%) demonstrated macular complete subretinal fluid (SRF) resolution, while 13 eyes (26.0%) showed macular partial SRF resolution, and 12 eyes (24%) had neither partial nor complete macular SRF resolution. Among those patients with macular partial or complete SRF resolution at 3 months and thus not shifted to photodynamic therapy, 36 out of 38 cases had macular complete SRF resolution at the 12-month follow-up visit. There was a significant change from baseline at both follow-up visits in all anatomical OCT parameters (except for reduction in choroidal thickness that did not reach the statistical significance at the 12-month follow-up visit). Several OCT parameters at baseline were independently significant predictors for macular subretinal fluid complete resolution at 3 months, including (i) a thicker subfoveal choroidal thickness; (ii) a smaller subretinal fluid maximum diameter; (iii) a lower number of serous pigment epithelium detachments; and (iv) a lower number of intraretinal hyperreflective foci. Conclusion: Treatment with eplerenone in CSC patients is confirmed to be beneficial for both anatomical and functional outcomes. We identified attractive OCT metrics that could potentially be used as a tool to select patients who might mainly benefit from this treatment.
Introduction
Central serous chorioretinopathy (CSC) is a common cause of central vision loss that typically affects men in their third to fifth decades [1] . This disorder is usually characterized by serous 50 mg/day for 4 weeks. All included patients were revaluated at the end of 5-week therapy with complete ophthalmologic examination. The 50 mg/day eplerenone treatment was thus continued for other 7 weeks depending on the presence of subretinal fluid (SRF) at structural SD-OCT scans. At the 3-month follow-up visit, patients with neither complete or partial SRF resolution were shifted to PDT. We considered a total reabsorption of SRF as a complete response to the treatment, and a reduction of at least 50% of SRF from baseline as a partial response, as previously described [15] .
Eplerenone was started after assessment and approval by the patient's primary care provider. Treatment tolerance was assessed by blood analyses of kaliemia and creatinine performed at baseline and every 4 weeks. The treatment was stopped in case of kaliemia increase (>5 mmol/L) or creatinine clearance rate decrease (<60 mL/min).
Among those patients who had a complete resolution within 1 year, we reviewed the clinical outcomes of patients who relapsed at a later time and were again treated with eplerenone.
Imaging Protocol
Patients underwent spectral-domain (SD)-OCT imaging using the Heidelberg Spectralis device (Heidelberg Engineering, Heidelberg, Germany) with high-resolution (HR), which may obtain OCT scans with an axial resolution of 7 µm in tissue, and a lateral resolution at the retinal surface estimated at approximately 5 µm, as well as an improved visualization of the choroid. Each set of SD-OCT scans consisted of 19 B-scans, each of which comprised 24 averaged scans, covering approximately a 5.5 × 4.5 mm area centered on the fovea. Furthermore, a single horizontal B-scan with HR and enhanced depth imaging (EDI) mode was obtained. To be included in the analysis, a signal strength of at least 25 was required (the manufacturer manual recommended 15 as the borderline quality score) [17] .
OCT Analysis
The OCT images were reviewed for qualitative features and analyzed for quantitative measures using the Spectralis built-in analysis software (Heidelberg Eye Explorer Version 6.0, Heidelberg Engineering GmbH, Heidelberg, Germany). The following measurements were performed at baseline and at each follow-up visit, as previously shown [18, 19] : (i) subfoveal choroidal thickness; (ii) foveal SRF height; (iii) macular maximum SRF height; (iv) macular maximum SRF diameter; (v) number of pigment epithelium detachments (PEDs); and (vi) number of intraretinal hyperreflective foci ( Figure 1 ). In detail, the (i) and (ii) measurements were performed on the horizontal scan passing through the fovea (the EDI scan for the choroidal thickness), while the other assessments were performed considering all the OCT B-scans throughout the macula. Finally, the central macular thickness was obtained from the instrument built-in software, as previously shown [20] .
A total of 50 eyes of 50 patients (five females, 45 males) with acute or chronic CSC met the inclusion criteria and were included in the study. Table 1 summarizes clinical characteristics of enrolled patients at baseline.
Figure 1. Representation of the optical coherence tomography (OCT) variables assessed at baseline
and follow-up visits. In order to provide a comprehensive quantification of the subretinal fluid amount, we measured the foveal subretinal fluid (SRF) height (on the horizontal scan passing through the fovea), the macular maximum SRF height, and the macular maximum SRF diameter (on the top image the two arrows illustrate these measurements). The latter two assessments were performed considering all the OCT B-scans throughout the macula. Furthermore, the number of serous pigment epithelium detachments and intraretinal hyperreflective foci (indicated with the red arrows in the middle and bottom images, respectively) were quantified. Figure 1 . Representation of the optical coherence tomography (OCT) variables assessed at baseline and follow-up visits. In order to provide a comprehensive quantification of the subretinal fluid amount, we measured the foveal subretinal fluid (SRF) height (on the horizontal scan passing through the fovea), the macular maximum SRF height, and the macular maximum SRF diameter (on the top image the two arrows illustrate these measurements). The latter two assessments were performed considering all the OCT B-scans throughout the macula. Furthermore, the number of serous pigment epithelium detachments and intraretinal hyperreflective foci (indicated with the red arrows in the middle and bottom images, respectively) were quantified.
Statistical Analysis
To detect departures from normality distribution, a Shapiro-Wilk's test was performed for all variables.
Changes from baseline in quantitative measurements were calculated at each follow-up. To analyze these changes, the related-samples Wilcoxon Signed Rank test was performed. Furthermore, in the comparison between 12-month and baseline values, we excluded those patients undergoing PDT between 3-month and 12-month follow-up visits.
The clinical and OCT parameters at baseline were correlated with response to treatment at 3 and 12 months of follow-up using logistic regression analysis.
Statistical calculations were performed using Statistical Package for Social Sciences (version 20.0, SPSS Inc., Chicago, IL, USA).
p Value < 0.05 was considered statistically significant.
Results
A total of 50 eyes of 50 patients (five females, 45 males) with acute or chronic CSC met the inclusion criteria and were included in the study. Table 1 summarizes clinical characteristics of enrolled patients at baseline. At the 3-month follow-up visit, 25 out of 50 eyes (50.0%) demonstrated macular complete SRF resolution, while 13 eyes (26.0%) showed macular partial SRF resolution, and 12 eyes (24%) had neither partial nor complete macular SRF resolution (Figures 2 and 3 ). Among those patients with macular partial or complete SRF resolution at 3 months and thus not shifted to PDT, 36 out of 38 cases had macular complete SRF resolution at the 12-month follow-up visit (Figures 2 and 4 ). Considering the foveal complete SRF resolution (analysis performed on the OCT B-scan passing through the fovea), this was reached in 28 and 36 patients, at the 3-month and 12-month follow-up visits, respectively. Treatment with eplerenone was continued for 2.5 ± 0.8 months.
Considering distinctly acute and chronic CSC, eight out of 14 acute CSC (%) and 17 out of 36 chronic CSC (%) demonstrated macular complete SRF resolution at 3 months. At 12 months and considering only patients not shifted to PDT, 12 out of 12 acute CSC and 24 out of 26 chronic cases had a macular complete SRF resolution. fovea), this was reached in 28 and 36 patients, at the 3-month and 12-month follow-up visits, respectively. Treatment with eplerenone was continued for 2.5 ± 0.8 months.
Considering distinctly acute and chronic CSC, eight out of 14 acute CSC (%) and 17 out of 36 chronic CSC (%) demonstrated macular complete SRF resolution at 3 months. At 12 months and considering only patients not shifted to PDT, 12 out of 12 acute CSC and 24 out of 26 chronic cases had a macular complete SRF resolution. 
Clinical Changes during Follow-up
Mean ± SD BCVA was 0.20 ± 0.14 LogMAR at baseline and significantly improved at both 3-month (0.12 ± 0.13 LogMAR, p < 0.0001) and 12-month (0.10 ± 0.12 LogMAR, p < 0.0001) follow-up visits. Baseline mean central macular thickness was 392.3 ± 129.5 µm and significantly decreased at both the 3-month (298.3 ± 86.7 µm, p < 0.0001) and 12-month (259.9 ± 62.5 µm, p < 0.0001) follow-up visits. There was a significant change from baseline at first follow-up in all anatomical OCT parameters ( Table 2) . While changes were still statistically significant at 12 months for the other parameters, reduction in choroidal thickness (p = 0.124) was still notable, but not statistically significant at the 12-month follow-up visit. 
Logistic Regression Analysis
Logistic regression analysis, assessing the importance of OCT variables and clinical characteristics, revealed that in this dataset, only a thicker subfoveal choroidal thickness was a univariate significant predictor for foveal SRF complete resolution at 3 months (Table 3 ). On the contrary, different OCT parameters at baseline were an independently significant predictor for macular SRF complete resolution at 3 months, including (i) a thicker subfoveal choroidal thickness; (ii) a narrower subretinal fluid maximum diameter; (iii) a lower number of serous PEDs; and (iv) a lower number of intraretinal hyperreflective foci (HF) ( Table 4 ). At 1 year of follow-up, neither OCT variables nor clinical characteristics were associated with macular and foveal SRF resolution at 1 year. 
Subanalysis in Relapsing Patients
In a subanalysis considering only those patients obtaining macular complete SRF resolution within 1 year, eight out of 36 patients (22.2 %) presented a recurrence at a later time ( Figure 5 ). Recurrences occurred 8.5 ± 6.5 months after the 12-month follow-up visit (two patients within 1 year after discontinuing treatment). Of these patients, five were retreated with eplerenone, while two patients underwent PDT and in one patient, watch-and-wait approach was used. In all cases retreated with eplerenone, a complete SRF resolution was observed within 3 months.
In a subanalysis considering only those patients obtaining macular complete SRF resolution within 1 year, eight out of 36 patients (22.2 %) presented a recurrence at a later time ( Figure 5 ). Recurrences occurred 8.5 ± 6.5 months after the 12-month follow-up visit (two patients within 1 year after discontinuing treatment). Of these patients, five were retreated with eplerenone, while two patients underwent PDT and in one patient, watch-and-wait approach was used. In all cases retreated with eplerenone, a complete SRF resolution was observed within 3 months. 
Discussion
In this retrospective, longitudinal study, we described functional and anatomical response to eplerenone over a 1-year period. Overall, we observed that this treatment is effective in acute/chronic CSC eyes. In addition, this treatment was revealed to be useful also in those eyes relapsing at a later time and again undergoing treatment with eplerenone. More importantly, our analysis granted the identification of different OCT variables as predictors of treatment response, which resulted independent of other clinical characteristics, such as previous treatments and disease duration.
Several previous notable studies have reported on the outcomes of MRA treatment in CSC patients [6] [7] [8] [9] [10] [11] [12] . Ghadiali et al. [11] retrospectively investigated 11 patients (12 eyes) with chronic CSC treated with MRA (spironolactone or eplerenone) for 6 to 12 months. The authors demonstrated a significant reduction in SRF at 12 months. Zola and colleagues [12] assessed the clinical outcomes of 16 patients (16 eyes) with chronic CSC undergoing MRA treatment. In the latter study cohort, the 
Several previous notable studies have reported on the outcomes of MRA treatment in CSC patients [6] [7] [8] [9] [10] [11] [12] . Ghadiali et al. [11] retrospectively investigated 11 patients (12 eyes) with chronic CSC treated with MRA (spironolactone or eplerenone) for 6 to 12 months. The authors demonstrated a significant reduction in SRF at 12 months. Zola and colleagues [12] assessed the clinical outcomes of 16 patients (16 eyes) with chronic CSC undergoing MRA treatment. In the latter study cohort, the mean time to complete foveal SRF resolution was 10.5 ± 8.0 months after treatment initiation and, at 24 months, foveal SRF resolution was achieved in 13 eyes (81%). Toto and colleagues [21] also demonstrated that eplerenone is effective in improving visual function and morphological parameters in eyes with chronic CSC. In their study cohort, a percentage of 71.4% of eyes had resolution of SRF within 2 months, while the remaining 28.6% had resolution at the 2-month follow-up visit. Importantly, the MRA treatment was demonstrated to be effective also in eyes with acute CSC. In a case-control study, our group compared eplerenone therapy with observation alone in patients with acute CSC [8] ; we demonstrated that patients affected by acute CSC and treated with eplerenone achieved a greater and faster resolution of SRF compared to the observation group.
Our current results similarly showed that therapy with eplerenone may be effective in CSC patients. We demonstrated that this treatment results in a significant improvement in visual acuity and SRF measures. Furthermore, we displayed that several OCT variables modify throughout the 1-year follow-up. In detail, therapy with eplerenone was associated with a decrease in subfoveal choroidal thickness, as well as a reduction in serous PEDs' number. Assuming that these variables are known to be expression of the choroidal flow dysregulation [22, 23] , our results further support the hypothesis of MR involvement in CSC pathogenesis. Furthermore, at the 3-month follow-up visit, a complete resolution of foveal SRF was observed in 56.0% of patients, while a complete resolution of macular SRF was achieved in 50.0% of cases, which is in line with previous works [8, 12, 16] . Of note, the rate of complete SRF resolution (both foveal and macular) at the 12-month follow-up visit was 94.7%, considering only those patients with partial/complete resolution at 3 months and thus not shifted to PDT. These results suggest that, while not all patients may respond to eplerenone at 3 months, those patients with a partial resolution may still experience an improvement in clinical outcomes in the following months. Notably, this improvement seems to be independent of treatment discontinuance, taking into consideration that eplerenone was stopped after 5 to 12 weeks in our study cohort. This seems to be consistent with the hypothesis that a benefit on anatomical outcomes may persist after treatment suspension, which may be consequent to acquired changes in choroidal flow that persist after treatment cessation. The latter hypothesis is also consistent with the evidence that recurrences are less frequent and appear later in patients previously treated with MRA [24] . Alternatively, this improvement occurring after treatment cessation might be totally independent of eplerenone and might reflect the natural history of the disease.
We add to the literature by reporting OCT variables as predictors of treatment response at 3-and 12-month follow-up visits, even after accounting for confounding factors, such as disease duration and previous treatments. We demonstrated that a thicker subfoveal choroidal thickness at baseline was associated with a better response to treatment at 3 months, which is consistent with previous reports [16, 25] . The latter aspect was speculated to be related to a better effect of the drug on choroidal vessels in eyes with thicker choroid [16] . More importantly, we showed that a higher number of serous PEDs and a wider SRF diameter were associated with a poorer response to eplerenone. We propose that these findings are related to an advanced retinal pigment epitheliopathy at baseline in these eyes, with a consequent lower capability of the RPE cells to reabsorb SRF under eplerenone treatment. Similarly, we observed that a greater number of intraretinal hyperreflective foci was correlated with poor treatment response. Although their precise nature is unclear, it has been suggested that HF are the extravasation of lipoproteins or activated microglia with a phagocytized photoreceptor or intraretinally migrated RPE [18] . Accordingly, the presence of these hyperreflective foci may reflect greater damage of the RPE and this may eventually account for our findings.
Although we did demonstrate that several OCT parameters may be used as a tool to identify patients who might mainly benefit from treatment with eplerenone, these parameters were shown to be useful to predict response at 3 months, while we failed to find statistically significant associations between OCT parameters and the response at 12 months. The latter finding may be related to a potential selection bias at the 12-month follow-up visit, assuming that those patients not reaching a partial/complete resolution at 3 months were shifted to PDT. Future prospective larger studies may shed further light on this aspect in order to comprehend whether other OCT parameters may predict treatment response at a later follow-up.
While the focus of the present paper was to characterize the response to eplerenone over a 1-year period, among those patients who had a complete resolution within this interval, we reviewed the clinical outcomes of patients who relapsed at a later time and were again treated with eplerenone. Interestingly, all those patients who relapsed and were treated again with eplerenone experienced a complete SRF resolution within 3 months. A longer prospective longitudinal evaluation on CSC patients may further clarify whether a first complete response to eplerenone is a good indicator of treatment response in successive relapses.
Our study has limitations including its retrospective nature and the relatively small sample size, inevitably resulting in a lack of uniformity. Moreover, patients previously treated with other therapies were included in this retrospective analysis, which further reduces the cohort homogeneity. However, our statistical analysis was aimed at accounting for potential confounding factors, including previous treatments. In addition, excluding patients with previous treatments might have resulted in a potential selection bias. A final limitation is that we did not specifically investigate the repeatability of our measurements. However, the repeatability for these measurements was reported previously and was shown to be excellent [26] [27] [28] .
Conclusions
In conclusion, this study investigated the clinical outcomes of patients with CSC and treated with eplerenone. We demonstrated that this therapy is effective in treating these patients and that several OCT variables modify throughout the follow-up visits. Importantly, this study highlights the presence of OCT-related parameters as predictors of treatment response to eplerenone. If replicated in future studies, these OCT variables might potentially be used as a tool to identify CSC patients who might mainly benefit from eplerenone and thus should be included in upcoming clinical trials.
